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(54) Wide band IQ splitting apparatus and calibration method therefor 



(57) The present invention provides a wide band IQ 
splitting apparatus suitable for using in a spectrum ana- 
lyzer. A quadrature oscillator (30) generates a pair of 
quadrature signals. An amplitude and phase adjuster 
(32) receives the quadrature signals and adjusts the 
balances of the amplitude and the phase between them. 
An analog IQ splitter (20) mixes an analog IF signal with 
the pair of quadrature signals for splitting the analog IF 
signal into analog I and Q signals. First and second ana- 
log to digital converters 22 and 24 convert the analog I 
and Q signals into digital I and Q signals, respectively. A 
control and processing circuit (26) detects the imbal- 
ances of the amplitude and phase between the digital I 
and Q signals for controlling the amplitude and phase 
adjuster (32). The amplitude and phase adjuster (32) is 
previously calibrated. For this first calibration, the ana- 
log splitter (20) receives a first calibration signal instead 
of the analog IF signal. The first calibration signal has a 
known amplitude and a known frequency slightly differ- 
ent from the frequency of the quadrature signals. Then 
the control and processing circuit (26) detects the imbal- 
ance of the amplitude and/or the phase of the digital I 
and Q signals and controls the amplitude and phase 
adjuster (32) properly. The control and processing cir- 
cuit (26) also produces compensation data. The analog 
splitter (20) receives a second calibration signal instead 
of the analog input signal. The frequency of the second 
calibration signal varies within the band of the analog IF 
signal. The control and processing circuit (26) calcu- 
lates the compensation data at a plurality of the fre- 
quencies of the calibration signal and a memory stores 
the compensation data. The control and processing cir- 
cuit (26) calculates compensated frequency domain 



data by the FFT process with using he compensation 
data, and then compensated time domain data are cal- 
culated from the compensated frequency domain data. 
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Description 

Field of the Invention 

[0001 ] The present invention relates to a wide band IQ 
splitting apparatus, especially, to a wide band IQ split- 
ting apparatus suitable for application in frequency 
domain analysis, and to a calibration method for the 
wide band IQ splitting apparatus. 

Background of the Invention 

[0002] A spectrum analyzer is used for analyzing the 
frequency domain of a signal under test. The spectrum 
analyzer often has an IQ splitter for getting the fre- 
quency domain data. There are two types of IQ splitters, 
i.e., digital and analog types. 

[0003] FIG. 1 shows a block diagram of a conventional 
digital IQ splitter. A frequency converter (not shown) 
which has a mixer and a local oscillator etc. converts an 
input signal under test to an intermediate frequency (IF) 
signal. An analog to digital converter (ADC) 10 converts 
the analog IF signal into a digital signal. A digital IQ 
splitter 1 2 splits the digital signal from the ADC 1 0 into a 
digital I (In-phase) signal and a digital Q (Quadrature) 
signal. The I and Q signals are the components of the IF 
signal having a phase difference of 90 degrees. A digital 
signal processor (DSP) 14 transforms the digital I and Q 
signals into the frequency domain data by the FFT (Fast 
Fourier Transform) process. A memory 16 stores the 
data from the DSP 1 4, which are used to display the sig- 
nal analysis result in the frequency domain on a suitable 
display (not shown), such as a CRT or a liquid crystal 
display. 

[0004] The conventional configuration described 
above is satisfactory for relatively narrow band signal 
analysis but causes some problems if it is used for a 
wider band signal analysis. The sampling theorem 
states that the sampling frequency in the analog to dig- 
ital conversion must be at least twice the maximum fre- 
quency of the analog input signal. In the case of wider 
band analysis, the maximum frequency of the IF signal 
is higher than in the case of narrow band analysis so 
that the sampling theorem requires that the sampling 
frequency of the ADC should be higher. Besides, the 
frequency domain analysis generally requires higher 
dynamic range, such as 12 or more bits, than the time 
domain analysis does, such as 8 bits at most. This also 
makes it difficult to make the sampling frequency of the 
ADC higher in the frequency domain analysis. The 
higher sampling frequency of the ADC leads to a higher 
data transfer rate and a need for higher operation 
speeds of the following devices, such as the DSP and 
the memory. As described, the wider band signal analy- 
sis brings technical and economical problems. 
[0005] One solution of the above problem is to use an 
analog IQ splitter as shown in FIG. 2. A quadrature 
oscillator 17 generates a pair of quadrature signals, or 



sine and cosine signals which have the same frequency 
and amplitude and a phase difference of 90 degrees. An 
analog IQ splitter 18 mixes an analog IF signal with the 
quadrature signals to split the analog IF signal into ana- 

5 log I and Q signals. The ! signal is lnput(t)*cos(bt) and 
the Q signal is lnput(t)*sin(bt) where Input(t) is the input 
signal. ADCs 1 1 and 13 convert the analog I and Q sig- 
nals into the digital I and Q signals, respectively. 
[0006] FIG. 3 shows a schematic block diagram of the 

10 analog IQ splitter. A quadrature mixer 21 mixes the pair 
of quadrature signals with the analog IF signal to pro- 
duce the analog I and Q signals. The frequency of the 
quadrature signals from the quadrature oscillator 17 is 
the same as the center frequency of the band of the 

is analog signal. For example, if the band of the analog IF 
signal is from 35 MHz to 65 MHz (the bandwidth is 30 
MHz, the center frequency is 50 MHz), the frequency of 
the quadrature signals from the quadrature oscillator 1 7 
is 50 MHz. The analog I and Q signals pass low pass f il- 

20 ters (LPFs) 23 and 25 to have suitable band widths, 
respectively. In this operation, the bandwidths of the 
analog I and Q signals are reduced to approximately 
half, respectively. This is, for example, shown as the fol- 
lowing equations: 

25 

lnput(t) = C * sin(at) 

[0007] lnput(t) is a simple example of an analog IF sig- 
nal, C is a constant and a varies from 35 MHz to 65 MHz 

30 

l(t)= Input(t) * cos(bt) 

= C * sin(at)cos(bt) 

= (C/2) * [sin{(a+b)t} + sin{(a-b)t}] 

= (C/2) * sin{(a-b)t} 

35 

[0008] l(t) is the analog IF signal and b is 50 MHz. The 
term in sin(a+b)t is deleted by the low pass filter. 

Q(t}= Input(t) * sin(bt) 
40 = C * sin(at)sin(bt) 

= (C/2) * [cos{(a-b)t} - cos{(a+b)t}] 
= (C/2)* cos{(a-b)t} 

[0009] Q(t) is the analog Q signal. The term in 
45 cos(a+b)t is deleted by the low pass filter. 

[0010] As shown in the above equations, the LPFs 
pass the components having "a-b" which varies from - 
15 MHz to 15 MHz. This means that the frequencies of 
the output signals of the mixer 21 are from about 0 Hz to 
so about 15 MHz. Therefore the cut-off frequencies of the 
LPFs 23 and 25 can be about 1 6 MHz. This reduces the 
demands of the higher sampling frequency of the ADC 
and the higher operation speeds of the following 
devices, such as the DSP 14 and the memory 16. 
55 [0011] The use of the analog IQ splitter, however, 
introduces another problem, namely that it is difficult to 
keep the amplitude and the phase of the analog I and Q 
signals in balance. It comes from the difficulty of making 
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the characteristics of the analog I and Q signal paths the 
same, especially the LPFs. This problem becomes 
worse when the bandwidth of the analog IF signal is 
wider. One of the factors is the group delay as shown in 
FIG. 4. In other words, the propagation speed of the sig- 5 
nal in the signal path is different according to the fre- 
quency. Generally speaking, the propagation delay 
increases as frequency increases and the increase of 
delay with frequency is non-linear. Therefore the digital 
IQ splitter is better only from the viewpoint of keeping 70 
the amplitude and the phase of the I and Q signals in 
balance. Therefore it is an object of the present inven- 
tion to provide a wide band IQ splitting apparatus suita- 
ble for splitting a wide band analog input signal into I 
and Q signals with balanced amplitude and phase 75 
between them. It is a further object of the present inven- 
tion to provide a calibration method for the wide band IQ 
splitting apparatus. 

Summary of the Invention 20 

[001 2] The present invention provides a wide band IQ 
splitting apparatus for splitting an analog input signal 
into analog I (In-phase) and Q (Quadrature) signals 
while keeping the amplitude and the phase of the I and 25 
Q signals in balance. A quadrature oscillator generates 
a pair of quadrature signals. An amplitude and phase 
adjuster receives the quadrature signals and adjusts the 
balances of the amplitude and the phase between them. 
An analog splitter mixes an analog input signal with the 30 
pair of quadrature signals for splitting the analog input 
signal into analog I and Q signals. First and second ana- 
log to digital converters convert the analog I and Q sig- 
nals into digital I and Q signals, respectively. A 
processor detects imbalance of the amplitude and 
phase between the digital I and Q signals and controls 
the amplitude and phase adjuster. 
[001 3] The amplitude and phase adjuster is previously 
calibrated. For this first calibration, the analog splitter 
receives a first calibration signal instead of the analog 
input signal. The first calibration signal has a known 
amplitude and a known frequency slightly different from 
the frequency of the quadrature signals. Then the proc- 
essor detects imbalance of the amplitude and/or the 
phase between the digital I and Q signals for controlling 
the amplitude and phase adjuster properly. The fre- 
quency difference between the frequency of the first cal- 
ibration signal and that of the quadrature signal is small 
enough that the group delay can be neglected and large 
enough that the processor can detect the frequency dif- 
ference. 

[0014] The processor according to the present inven- 
tion produces compensation data in a second calibra- 
tion. For the second calibration, the analog splitter 
receives a second calibration signal instead of the ana- 
log input signal. The frequency of the second calibration 
signal varies within the band of the analog input signal 
and the processor calculates compensation data at a 



plurality ol frequencies of the calibration signal and a 
memory stores the compensation data. The frequency 
of the second calibration signal can vary step by step, or 
by a increment or a decrement. The amount by which 
the frequency changes in each step is small enough 
that the group delay can be neglected and large enough 
that the processor can detect the difference. The proc- 
essor can calculate compensated frequency domain 
data from the digital I and Q data by using the compen- 
sation data and can calculate time domain data from the 
compensated frequency domain data. 
[0015] The amplitude and phase adjuster can include 
a variable phase controller and a gain variable amplifier. 
The variable phase controller controls the phase of one 
of the quadrature signals. The gain variable amplifier 
controls the gain of one of the quadrature signals. The 
analog IQ splitter can have a mixer and a pair of low 
pass filters. The mixer mixes the analog input signal 
with the pair of quadrature signals. The low pass filters 
receive the output signals of the mixer and suitably limit 
the bandwidths of the analog I and Q signals. In this 
case, the frequency of the quadrature signals is approx- 
imately equal to the center frequency of the band of the 
analog input signal. 

[0016] Preferred calibration methods are described in 
claims 10 and 13. It should be noted that the calibration 
method of claim 13 is independent from the calibration 
method of claim 10 and can be performed alone or in 
addition to that of claim 10. 

Brief Description of the Drawings 

[0017] 

FIG. 1 shows a schematic block diagram of a con- 
ventional digital IQ splitter. 

FIG. 2 shows a schematic diagram of a conven- 
tional analog IQ splitter. 

FIG. 3 shows a schematic diagram of one embodi- 
ment of an analog IQ splitter. 
FIG. 4 is a graph of showing characteristics of the 
group delay. 

FIG. 5 shows a schematic diagram of one embodi- 
ment of a wide band IQ splitting apparatus accord- 
ing to the present invention. 
FIG. 6 shows a schematic diagram of one embodi- 
ment of an amplitude and phase adjuster according 
to the present invention. 

FIG. 7 is a graph explaining a side band generation 
in the first calibration according to the present 
invention. 

FIG. 8 shows a flow chart of one embodiment of the 
second calibration according to the present inven- 
tion. 

FIG. 9 shows a phase shift of P radian from the 
ideal relationship between the I and Q signals. 
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Description of Preferred Embodiments of the Invention 

[001 8] FIG. 5 shows a schematic block diagram of one 
preferred embodiment according to the present inven- 
tion. A frequency converter (not shown) which has a 
mixer and a local oscillator etc. converts a signal under 
test to an intermediate frequency (IF) signal. For exam- 
ple, the input signal might have a frequency of 3 GHz 
and the frequency converter down converts the fre- 
quency of the input signal to generate an IF signal hav- 
ing a frequency within a predetermined band (e.g. from 
35 MHz to 65 MHz). A quadrature oscillator 30 supplies 
a pair of quadrature signals, or sine and cosine signals 
of which the phase and amplitude are adjusted as 
described below, and an analog IQ splitter 20 multiplies 
the analog IF signal by the pair of quadrature signals 
and provides analog I (In-phase) and Q (Quadrature) 
signals. Analog to digital converters (ADCs) 22 and 24 
convert the analog I and Q signals into digital I and Q 
signals, respectively. A control and processing circuit 26 
transforms the digital I and Q signals into frequency 
domain data by the FFT process. The digital I and Q sig- 
nals constitute the real and imaginary components 
respectively of the frequency domain data. A memory 
28 stores the frequency domain data The memory 28 is 
connected to a bus of a microprocessor system (not 
shown) including a CPU, a hard disk (magnetic disk) 
etc.. The data in the memory 28 are used for displaying 
the measurement result on a CRT etc. or for other anal- 
ysis. 

[0019] An amplitude and phase adjuster 32 adjusts 
the balances of the amplitude and the phase between 
the pair of quadrature signals from the quadrature oscil- 
lator 30. FIG. 6 shows a schematic block diagram of one 
preferred embodiment of the amplitude and phase 
adjuster 32. An amplifier 34 amplifies one of the quadra- 
ture signals from the quadrature oscillator 30. The other 
of the quadrature signals passes through a variable 
phase controller 33 and a variable gain amplifier 35 
which are controlled respectively by a phase control sig- 
nal and gain control signal from the control and process- 
ing circuit 26. The amplitude and phase adjuster 32 
provides the adjusted quadrature signals to the analog 
IQ splitter 20 for producing the analog I and Q signals of 
which balances of the amplitude and the phase are 
adjusted. 

[0020] For the suitable adjustment, the amplitude and 
phase adjuster 32 is previously calibrated. This calibra- 
tion (called the first calibration below) is based on the 
center frequency of the analog IF signal band. For the 
first calibration, the analog IQ splitter 20 receives a first 
calibration signal of which amplitude, phase and fre- 
quency are known. The first calibration signal may be 
provided by a signal generator (not shown). The fre- 
quency of the first calibration signal is slightly different 
from the center frequency of the analog IF signal band. 
For example, if the band of the analog IF signal is from 
35 MHz to 65 MHz (the center frequency 50 MHz), the 



frequency of the calibration signal might be 50.2 MHz 
(200 kHz difference). The analog IQ splitter 20 multi- 
plies the first calibration signal by the quadrature signals 
of which the frequencies are 50 MHz. Referring to FIG. 

5 7, if the amplitude and phase adjuster 32 is not properly 
adjusted, and the quadrature signals supplied to the 
analog IQ splitter are not balanced in phase and ampli- 
tude, the I and Q signals received by the control and 
processing circuit 26 are not balanced and a side band 

io appears at 49.8 MHz after the FFT process. Then the 
control and processing circuit 26 adjusts the gain and 
phase control signals in order to eliminate the side 
band. When the gain and phase control signals are 
such that the side band is eliminated, the first calibration 

75 is complete. 

[0021] The difference dF between the center fre- 
quency of the band and the frequency of the first cali- 
bration signal should be small enough that the group 
delay of the signal paths from the analog IQ splitter 20 

20 to the control and processing circuit 26 can be 
neglected. The frequency difference dF, however, 
should be large enough that the control and processing 
circuit 26 can detect the side band. Though the example 
described above uses a frequency difference dF of 200 

25 kHz, it can be another value according to the measure- 
ment resolution. 

[0022] The first calibration concerning the amplitude 
and phase adjuster 32 makes the amplitude and phase 
balances of the analog I and Q signals suitable if the fre- 

30 quency of the input analog IF signal is approximately 
equal to the center frequency of the band. The analog IF 
signal, however, has a wider band. Therefore another 
calibration is necessary for the control and processing 
circuit 26 to get balance compensated data of the ana- 

35 log I and Q signals throughout the band. This second 
calibration is usually conducted following the first cali- 
bration. However, if the adjuster 32 has no problem and 
the I and Q signals received by the control and process- 
ing circuit 26 are balanced in amplitude and phase 

40 when the analog IQ splitter receives the first calibration 
signal, the second calibration can be done without the 
first calibration. 

[0023] FIG. 8 shows a flow chart of one preferred 
embodiment according to the second calibration of the 

45 present invention. The second calibration produces a 
compensation table recording compensation data 
throughout the band. The analog IQ splitter 20 receives 
a second calibration signal which has known amplitude, 
phase and single frequency instead of the analog IF sig- 

so nal. The second calibration signal may be provided by a 
signal generator (not shown). In the second calibration, 
the second calibration signal is set to the minimum fre- 
quency of the analog IF signal band at first (step 100). 
For example, if the band of the analog IF signal is from 

55 35 MHz to 65 MHz, the frequency of the calibration sig- 
nal is set to 35 MHz at f irst. At step 102, the control and 
processing circuit 26 receives the digital I and Q signals. 
The digital I and Q signals are represented as data 



4 



7 



EP 0 984 288 A1 



8 



sequences a(n) and b(n), respectively, wherein the "n" 
means a sampling number in the ADCs 22 and 24. The 
control and processing circuit 26 calculates amplitudes 
Ma and Mb of the digital I and Q signals from the data 
sequences and produces an amplitude compensation 5 
coefficient K = Ma / Mb . At the same time, a phase 
compensation coefficient P at the minimum frequency is 
calculated by the following equation: 

P = -0.001953 * S / (Ma * Mb) 10 

wherein 

S={(a(n)-Da)*(b(n)-Db)} 

Da: average of a(n) is 
Db: average of b(n) 
Unit of P is radian 

[0024] The P means a phase shift from the ideal rela- 
tionship between the I and Q signals, or 90 degrees as 20 
shown in FIG. 9. The memory 28 stores the amplitude 
and phase coefficients K and P of the compensation 
table at the minimum frequency (step 104). After the 
step 104, the frequency of the second calibration signal 
is increased by some amount (step 106). This incre- 25 
ment of the frequency of the calibration signal is. for 
example. 200 kHz. The amount of the increment should 
be small enough that the group delay can be neglected 
and large enough for the control and processing circuit 
26 to detect the difference. The control and processing 30 
circuit 26 repetitively calculates the amplitude and 
phase conpensation coefficients K and P at each fre- 
quency until it reaches the maximum frequency (e.g. 65 
MHz) of the analog IF signal band (step 108). At this 
point, the compensation table is complete. 35 
[0025] The control and processing circuit 26 compen- 
sates the frequency domain data derived from the I and 
Q signals using the compensation table. For compen- 
sating the amplitude and phase shift, it uses the follow- 
ing equations: 40 

Ac = K * (A * cos(P) - B * sin(P)) 

Be = K * (B * cos(P) + A * sin(P)) 

45 

wherein 

A: Real part of the frequency data 

B: Imaginary part of the frequency data 

Ac: Compensated real part of the frequency data so 

Be: Compensated imaginary part of the frequency 

data 

[0026] The above equations apply an angular rotation 
or phase shift to the frequency domain data according 55 
to the value of P and an amplitude compensation 
according to the value of K for each frequency of the 
input analog IF signal. By the way, the A and B are cal- 



culated from the digital I and Q signals by the FFT proc- 
ess of the control and processing circuit 26, or they are 
actual and non-compensated frequency domain data. If 
the time domain data are necessary, they are calculated 
from the corresponding compensated frequency 
domain data by the inverse- FFT process so that the 
time domain data are also compensated concerning the 
amplitude and phase balances. The memory 28 stores 
the frequency domain data and the time domain data 
and records the time correspondence between them. 
The data in the memory 28 are transferred via a bus of 
a microprocessor system including a CPU, a hard disk 
etc. and used for displaying the data or another analy- 
sis. 

[0027] It will also be apparent to those skilled in the art 
that there are additional embodiments which are not 
described above but which are clearly within the scope 
and principle of the present invention. For example, in 
the second calibration, the initial frequency of the cali- 
bration signal need not be the minimum frequency and 
could instead be the maximum frequency. Further, the 
frequency of the second calibration signal need not vary 
in increments or decrements (or step by step), but may 
be at random or interlaced. It is important to obtain com- 
pensation data at a sufficient number of frequencies of 
the second calibration signal. Though the analog IQ 
splitter 20 receives the analog IF signal in the above 
embodiment, it can be any analog input signal with a 
predetermined band. The control and processing circuit 
could detect imbalance of amplitude and phase in the 
first calibration using the same equations as in the sec- 
ond calibration, but it is better for fine calibration of the 
amplitude and phase adjuster to use frequency domain 
data, for example by detecting a side band as described 
with reference to FIG. 7. 

Claims 

1 . A wide band IQ splitting apparatus comprising: 

a quadrature oscillator (30) for generating a 

pair of quadrature signals, 

an amplitude and phase adjuster (32) for 

adjusting relative amplitude and relative phase 

of the pair of the quadrature signals, 

an analog IQ splitter (20) for mixing an analog 

input signal with the pair of quadrature signals 

for splitting the analog input signal into analog I 

and Q signals, 

a first analog to digital converter (22) for con- 
verting the analog I signal into a digital I signal, 
a second analog to digital converter (24) for 
converting the analog Q signal into a digital Q 
signal, and 

a processor (26) for receiving the digital I and Q 
signals and for compensating imbalance of 
amplitude and phase between the digital I and 
Q signals by using compensation data. 
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2. A wide band IQ splitting apparatus according to 
ciaim 1, wherein the amplitude and phase adjuster 
(32) has a variable phase controller (33) for control- 
ling the phase of one of the quadrature signals and 
a gain variable amplifier (35) for controlling the gain 
of one of the quadrature signals. 



9. A wide band IQ splitting apparatus according to 
claim 8, wherein the frequency of the calibration 
signal varies step-by-step, and each step is small 
enough that group delay can be neglected and 
large enough that the processor (26) can detect the 
frequency difference. 



3. A wide band IQ splitting apparatus according to 
claim 1 or 2, wherein it is used in a spectrum ana- 
lyzer and the analog input signal is an analog inter- 
mediate frequency signal having a predetermined 
band. 

4. A wide band IQ splitting apparatus according to any 
one of claims 1 to 3, wherein the processor (26) cal- 
culates compensated frequency domain data from 
the digital I and Q data by using the compensation 
data, and calculates time domain data from the 
compensated frequency domain data. 

5. A wide band !Q splitting apparatus according to any 
one of claims 1 to 4, wherein the amplitude and 
phase adjuster (32) is previously calibrated by pro- 
viding a first calibration signal to the analog IQ split- 
ter (20), the first calibration signal having a known 
amplitude and having a known frequency slightly 
different from the frequency of the quadrature sig- 
nals so that the processor (26) controls the ampli- 
tude and phase adjuster (32) to adjust the balance 
of amplitude and phase between the quadrature 
signals. 

6. A wide band IQ splitting apparatus according to 
claim 5, wherein the frequency difference between 
the frequency of the first calibration signal and the 
frequency of the quadrature signals is small enough 
that group delay can be neglected and large 
enough for the processor (26) to detect the fre- 
quency difference. 

7. A wide band IQ splitting apparatus according to 
claim 5 or 6, wherein the processor (26) transforms 
digital I and Q signals derived from the first calibra- 
tion signal into frequency domain data, and controls 
the amplitude and phase adjuster (32) so as to sup- 
press a side band in the frequency domain data. 

8. A wide band IQ splitting apparatus according to any 
one of claims 1 to 7, wherein the processor (26) 
produces the compensation data by providing a cal- 
ibration signal to the analog IQ splitter (20) and the 
frequency of the calibration signal varies selectively 
within the band of the analog input signal and the 
processor (26) calculates the compensation data at 
a plurality of frequencies of the calibration signal 
and stores the compensation data in a memory 
(28). 



10. A calibration method for the wide band IQ splitting 
apparatus according to any one of claims 1 to 4, 

10 comprising the steps of: 

providing a first calibration signal to the analog 
IQ splitter (20), the first calibration signal hav- 
ing a known amplitude and a known frequency 
15 slightly different from the frequency of the pair 

of the quadrature signals, 
splitting the first calibration signal into analog I 
and Q signals, 

digitizing the analog I and Q signals to digital I 

20 and Q signals, 

detecting imbalance of the amplitude and the 
phase between the digital I and Q signals 
derived from the first calibration signal, and 
controlling the amplitude and phase adjuster 

25 (32) to adjust relative amplitude and relative 

phase of the pair of the quadrature signals to 
correct the imbalance. 

1 1 . A calibration method according to claim 10, wherein 
30 the frequency difference between the frequency of 

the first calibration signal and the frequency of the 
quadrature signals is small enough that group delay 
can be neglected and large enough for the proces- 
sor (26) to detect the frequency difference. 

35 

12. A calibration method according to claim 10 or 11, 
wherein the detecting and controlling steps have 
steps of transforming the digital I and Q signals into 
frequency domain data, detecting a side band in the 

40 frequency domain data, and controlling the ampli- 
tude and phase adjuster (32) so as to suppress the 
side band. 

13. A calibration method for the wide band IQ splitting 
45 apparatus according to any one of claims 1 to 4 or 

a calibration method according to any one of claims 
10 to 12, comprising steps of: 

providing a calibration signal to the analog IQ 
so splitter (20), the calibration signal having a 

known amplitude and a known frequency, 
splitting the calibration signal into analog I and 
Q signals, 

digitizing the analog I and Q signals to digital I 
55 and Q signals. 

calculating the. compensation data at the fre- 
quency of the calibration signal from the digital 
I and Q signals derived from the calibration sig- 
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nal, 

storing the compensation data in a memory 
(28). 

varying the frequency of the calibration signal 
selectively within the band of the analog input 5 
signal until sufficient compensation data are 
acquired. 

14. A calibration method according to claim 13, wherein 

the caltoration signal has an initial frequency at one io 
end of the band of the analog input signal, and the 
varying step comprises varying the frequency of the 
calibration signal step-by-step until the frequency of 
the calibration signal reaches the other end of the 
band of the analog input signal. 15 

15. A calibration method according to claim 13 or 14, 
wherein each frequency step of the calibration sig- 
nal is small enough that group delay can be 
neglected and large enough that the processor (26) 20 
can detect the frequency difference. 
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